Abstract Aims/hypothesis: The aim of this study was to test the construct validity of the Diabetes Quality of Life for Youth (DQOLY) questionnaire in a large representative sample of young people with type 1 diabetes mellitus. Methods: The 52-item DQOLY questionnaire was completed by 2,077 adolescent individuals (aged 10-18 years) with type 1 diabetes. Participants were recruited from 22 paediatric diabetes centres in 18 countries across Europe, Asia and North America. HbA 1c levels were determined once and analysed centrally. Results: Exploratory factor analysis generated three possible measurement models of a revised questionnaire, two with four factors and one with six factors, with all models indicating the presence of one satisfaction scale, but with many of the impact and worry scale items either double loading or not loading on any factors. Subsequent confirmatory analysis indicated that compared with the original DQOLY scales, the six-factor solution was the best-fitting model. Conclusions/interpretation: The DQOLY factor structure does not show construct validity in a large, diverse representative sample of young people with type 1 diabetes. However, a revised (short-form) version of the DQOLY is proposed that has improved construct validity, adequate internal consistency, and more precise and hypothesised association with HbA 1c . It is anticipated that this shorter version will enhance the acceptability and clinical utility of the measure, making it more feasible to introduce as part of routine care.
Introduction
Since publication of the Diabetes Control and Complications Trial (DCCT) results [1] it has been widely accepted that improving metabolic control must be a fundamental priority in type 1 diabetes mellitus care. However, recognising the distinctive treatment-related characteristics of adolescents, DCCT researchers separately examined the effectiveness of the intervention in the adolescent cohort (aged 13-17 years at entry) [2] . As in the full sample, the risk both of the onset and of progression of diabetic complications was significantly reduced in the adolescent intensive intervention group, compared with the conventional treatment group. Achieving near-normal glycaemic levels proved to be difficult and also heightened the risk of hypoglycaemia.
In the adult sample, the increased burden of intensive management and the increased rates of hypoglycaemia were not associated with poorer diabetes-related quality of life as assessed with the Diabetes Quality of Life (DQOL) questionnaire [3] . However, separate analysis of the DCCT data on the adolescent (aged 13-17 years at entry) subsample did show decreased school satisfaction and greater distress [4] . These results raised the question about the possibility of an association between glycaemic control and adolescent quality of life.
The DCCT used the DQOL, with some additional items for adolescents. This was revised to become the 52-item Diabetes Quality of Life for Youth (DQOLY) scale [5] . Subsequent studies with adolescents have not consistently supported the idea of an association between quality of life and metabolic control in adolescents with diabetes [6] [7] [8] [9] .
One potential cause of this is that the published research has yet to consider the construct validity of the DQOLY. The first step towards demonstrating this is to test whether the internal structure of the measure is valid, i.e. to verify that items purportedly assessing a single construct do indeed assess that construct, and that items on different scales are not assessing the same underlying construct. If the DQOLY does not have good internal construct validity, it cannot be an accurate measure of diabetes-related quality of life in adolescents.
At 52 items the DQOLY is a lengthy instrument, which limits its clinical utility. Therefore the aim of the current study was to examine the construct validity of the DQOLY and to examine the possibility of developing a shorter version and thereby enhancing its measurement properties and clinical utility.
Subjects and methods

Subjects
This study was a multicultural cohort study, conducted using 22 centres in 18 countries in Europe, Japan and North America. Type 1 diabetic patients who were born between 1980 and 1987 were invited to participate between March and August 1998 at each study centre. The patients were all aged between 10 and 18 years at the beginning of the study, with informed consent provided by all participants, and parents where appropriate. The average age of patients was 14.3±2.1 years. As a result 2,101 patients consented and 2,077 had their HbA 1c measurements taken (for full details of recruitment and demographics see [9] ).
Procedure
The study was performed according to the criteria of the Helsinki II declaration, and ethical approval was obtained from the relevant regulatory or institutional Ethics Committee in each country and centre. Written informed consent for questionnaires and blood samples was obtained from patients and their families. Samples and information were obtained from 79% of the patients. All questionnaires were completed confidentially and returned in a sealed envelope during a routine clinic visit. All questionnaires were forwarded to the coordinating centre and were received within 2 to 3 weeks of blood collection for HbA 1c .
Clinical data Age, sex, height, weight, age at diagnosis, number of insulin injections, use of premixed insulin, total daily insulin dose, number of serious hypoglycaemic incidents (i.e. convulsions or unconsciousness) in the last 3 months, family structure and ethnic status were recorded. Ethnic minority was defined as a minority group differentiated from the main population of the community by racial or cultural background. Approximately 10% of the population were described as ethnic minority groups in their respective countries in Europe and Japan. Ethnic status was not deemed categorisable in this way in Canada (n=224) due to the multicultural nature of the population. Family structure was defined by whether none, one or both parents lived at home.
Blood samples
Each patient took a blood test, which was sent to the Steno Diabetes Center (Gentofte, Denmark) for determination of HbA 1c . The normal range of HbA 1c in non-diabetics is 4.4-6.3% with a mean of 5.4%. Details of the transportation of specimens have been published previously [10] .
Measures
The DQOLY questionnaire as developed by Ingersoll and Marrero [5] was used to assess the quality of life in adolescents. The questionnaire consists of 52 items, divided into four sections, with one single separate item, i.e.: impact of diabetes (23 items); worries about diabetes (11 items); satisfaction with treatment (10 items); and satisfaction with life (seven items); plus one single item on health perception. Questions were scored using a five-point Likert scale, with the exception of health perception, which was measured using a four-point Likert scale. Lower scores indicated a poorer quality of life. For ease of comparison across subscales, items on all subscales were scored in the same direction.
Fourteen languages were used in the study. The questionnaires were translated from English to native languages by a bilingual professional translator. This was then back translated by a second independent bilingual professional translator. The back translation was compared with the original version and was sent to two members of the research team for comparison. Any discrepancies were resolved between translators, and lay panel testing was performed on five or six adolescents in each country. Any difficulties were discussed and resolved between translators and the research team. Item and questionnaire completion rates and Cronbach's alpha values indicating internal consistency of subscales demonstrated that the questionnaires were acceptable across the whole population sampled (for full details see Hoey et al. [9] ).
Statistical analyses
The data were initially split into two separate datasets, using SPSS v11.1 to select a random 50% sample from the dataset. The first dataset was then used to conduct exploratory analysis, and the second dataset to conduct confirmatory analysis. The exploratory factor analysis was undertaken to identify one or more data structures that met the criteria for simple structure, that is all items loaded >0.4 on only one factor, and to confirm that the items loadings were theoretically coherent. Analysis was conducted using principal-components analyses with direct oblimin rotation. Initial factor selection was based on eigenvalues >1. Thereafter, factor selection was based on interpretation of the scree plots (looking for the point of inflection), and on the need for items to load >0.4 on only one factor, and for scales to be theoretically coherent. Items that double loaded >0.4 or did not load on any factor >0.4 were removed and the factor analysis was repeated. Two distinct analyses were undertaken, one on the whole sample, with the second repeating the analysis on splitting the file into tertiles, based on age, and establishing an item structure that was consistent across all three age bands.
Confirmatory analysis was conducted by structural equation modelling, conducted using AMOS v5, using analysis of the correlation matrix. Although a non-significant χ 2 is frequently used for assessing goodness of fit, this statistic is considered overly sensitive in large sample sizes, and was therefore not used here. Therefore three fit indices were used: the comparative fit index (CFI), which should be >0.9 for a good fit; the normed fit index (NFI), which should be >0.9 for a good fit; and the root mean square error approximation (RMSEA), which should be <0.05 for a good fit. For all models, the basic model as specified by the factor analysis was entered, and then this was optimised in line with suggested modifications from the output, by allowing covariance between items on the same factor but not across factors and allowing covariance between factors. All figures cited are for the optimised models. Selection of the final measurement model was determined by examining the three fit indices, and choosing the model with the best indices. All correlations and t tests were accepted as significant at p<0.05.
Results
Exploratory factor analysis
Factor analysis of dataset 1 generated seven factors with an eigenvalue >1. However, examination of the scree plot, which seemed to have two distinct points of inflection, suggested that two different factor structures, one with four and one with six factors, may provide a simple structure. Therefore, two models were generated from this process, a summary of which can be found in Table 1 . In both models the items from the treatment satisfaction and the life satisfaction loaded on to one scale. In the four-factor model the three remaining factors were labelled parental control (three items), impact (eleven items) and future worries (seven items). In the six-factor model the same items are included but now distributed across five factors, consisting of parental control (three items), future worries (seven items), impact of treatment (three items), impact of symptoms (three items) and impact on activities (five items). This four-factor model accounted for 42% of the variance in the included items, with the six-factor model accounting for 53% of the variance in the included items.
Subsequently, to explore and remove any developmental effects in factor structures, models were developed for each of the age groups (derived on the basis of a tertile split to ensure adequate numbers in each group for analysis), 10-13, 13-15 and 15-19 years. Thereafter, only those items that loaded consistently in all three age groups, and loaded on to the same factor in all three age groups, were compiled to generate a final age-congruent model. This generated a second four-factor model, which is summarised in Table 1 and which contained the satisfaction items all loading on one scale, the same seven-item worry scale as generated in the other factor analysis and the parental concerns factor. The fourth factor was a seven-item impact factor. This model accounted for 46% of the variance in the included items.
Confirmatory factor analysis
First the original four-factor structure of the DQOLY questionnaire was entered and optimised to examine the fit of the model to the second dataset in this study. In addition, a second analysis was run with the two satisfaction scales combined to form one satisfaction scale, but retaining the two original impact and worry scales from the DQOLY. Thereafter, the three models generated by the exploratory analysis were fitted to the data and optimised. The results of the optimised analysis are summarised in Table 2 .
From Table 2 , it would appear that the six-factor model derived from the exploratory analysis would seem to provide the best-fitting measurement model for the items in the DQOLY, with two out of the three indices meeting the criteria of a good fit. None of the other models had single-fit indices meeting the criteria for a good fit, despite robust attempts to optimise the model within the constraints specified.
The scales are significantly correlated with the exception of satisfaction and parental concern (see Table 3 ). However, all the correlations are moderate to low, and indicate that the scales assess different constructs. The reliability coefficients as measured by Cronbach's alpha are within the acceptable range. The future worries scale had a Cronbach's alpha of 0.82 (0.84 for the DQOLY worry scale in this sample), the parental influence scale had a Cronbach's alpha of 0.79 and the impact on activities scale had a Cronbach's alpha of 0.65, all of which are considered adequate for the number of items in the scales. The symptom impact scale had a Cronbach's alpha value of 0.51, and the impact of treatment scale had a Cronbach's alpha of 0.47, which is satisfactory for subscales containing higher order impact factor, with each of the three subscales loading directly onto it. This improved the fit of the model, but not significantly. The model seems to fit equally well for boys and girls with the fit indices only marginally different (CFI=0.89; NFI=0.82; RMSEA=0.036; girls NFI=0.92; CFI=0.86; RMSEA=0.03). Exploratory factor analysis was run in the nine countries with more than 100 participants, using the impact, worry and parental concern scales. Forcing a five-factor solution for each country resulted in eight countries having a simple structure for the parental concern items, and seven for the worry items. However, there was no consistent loading across the three separate impact scales. Therefore the results were repeated forcing a threefactor solution, which resulted in a simple structure (each item loading >0.4 on only one factor) for seven of the nine countries, with the remaining two countries having two impact items and one worry item not loading on any factor. Given that the case:item ratio is only adequate for a reliable factor analysis in two of these countries, these results are suggestive of a consistent factor structure across countries, which is further supported by the assessment of internal consistency for the parental concern, worry and impact scale in each country (see Table 4 ).
The revised version is noticeably shorter than the original DQOLY; however, the scales seem to correlate well. The future worries scale correlated 0.95 with the full worry scale from the DQOLY. The impact scales correlated significantly with the DQOLY impact scale (0.5<r>0.71; p<0.001). If the three impact and parental concerns are combined, this correlates 0.92 with the DQOLY original impact score, from which all items originated.
There are significant sex-related differences for five of the six subscales. These are summarised in Table 5 , with girls having poorer scores than boys. Three of the subscales were correlated with age, older participants reporting less satisfaction with treatment (r=0.19; p<0.001), greater impact of treatment (r=0.12; p<0.001) and greater worry about the future (r=0.18; p<0.001). ANOVA using age year (rounded up) as the independent variable did not indicate any significant quadratic trends with the new scales. Last, the association of the new scales with HbA 1c was explored.
Correlations indicated that quality of life scales had significant associations with HbA 1c . To explore this relationship more fully, a stepwise linear regression was undertaken, entering age and sex on step 1, and then all quality of life scales on step 2 (using stepwise entry). Age and sex accounted for 1.4% of the variance in HbA 1c (F=12.33; df=2; p<0.001). Of the quality of life scales, symptom impact, future worries and impact on activities were significant predictors of HbA 1c , contributing an additional 3.5, 0.9 and 0.8% variance, respectively, to the prediction of HbA 1c (total equation R=0.066; F=24.13; df=5; p<0.001).
Discussion
Using both exploratory factor analysis and confirmatory structural modelling the original structure of the DQOLY was broadly supported. No items cross-loaded from one subscale onto an alternative scale in this analysis. Furthermore, this analysis identifies a possible new shortform DQOLY that has good construct validity, is equally valid for both sexes, and seems be internally consistent across countries.
The 11-item worry scale appeared to contain a number of redundant items, and is better represented by a seven-item scale. The 24-item impact scale from the original DQOLY also appeared to contain a number of redundant items, with the analysis suggesting that 11 of these items should be retained, generating four subscales. The items for the life and treatment satisfaction scales would appear to be represented more accurately by a single satisfaction scale, which is problematic when it comes to recommending a shortened version for clinical use. Three options obviously present themselves: (1) drop assessment of satisfaction from the instrument; (2) keep the instrument diabetes-focused and retain the diabetes treatment satisfaction items; and (3) use this scale to look at broader quality of life issues and drop the satisfaction items. The recommendation here is to take the first option, and drop both satisfaction scales for a number of reasons:
(1) The diabetes satisfaction items overlap with content in the other scales. This poses challenges about how to manage discrepancies between satisfaction and impact or worry. If there is no discrepancy then some of the items are redundant. (2) Keeping the life satisfaction items means the tool is no longer diabetes-specific. With the abundance of other satisfaction measures with arguably better developmental histories and psychometric properties, it would seem to make more sense to use these other tools. (3) If the two scales are not distinct, how is it possible to be confident they are each measuring what they claim to, and are not measuring a third underlying dimension. (4) Satisfaction is a discrepancy measure, the discrepancy between expectation and experience, posing interpretation problems, e.g. low expectations met can get the same score as high expectations met. This becomes even more problematic when scores change. (5) The discrepancy nature of items may also explain the lack of separation in the two scales here, as the responses indicate a general discrepancy response rather than item-or domain-specific experience. (6) Satisfaction scales are notorious for having ceiling effects, reducing their explanatory power, clinical utility and sensitivity to change.
When developing the shortened version of the DQOLY, the data were approached in a number of ways. Models were developed by analysing the whole dataset and by looking at three age groups and generating a measurement model that was congruent across these age-group congruent items. Although the shortened version of the DQOLY recommended here can be said to have construct validity (based on the analysis), face validity (from its development in earlier studies), and adequate internal consistency, further studies are required to address the criterion and predictive validity of the measure. With the impact scale being split into four factors, the clinical utility of these subscales particularly warrants further investigation. Given the abundance of data on the importance of the family in diabetes management for adolescents [11, 12] , and the need to manage the transfer of responsibility from parents to children [13, 14] , the parental concern scale may provide a useful tool to facilitate clinical discussion of this issue. The revised DQOLY recommended here is shorter, and could be shortened further by using the treatment satisfaction scale only, thereby keeping all items specific to diabetes. This would serve to increase the acceptability of the measures, further facilitating its clinical utility.
Given the large sample size, the presence of a correlation between these markers of health-related quality of life and HbA 1c is unsurprising. Here though, it is of note that the physical consequences subscale showed a noticeable stronger association than the other five scales. Furthermore, this is stronger than the association between the original DQOLY scales and HbA 1c (all less than r=0.12). Despite this, these correlations are small in nature and indicate that subjective experience of the impact of diabetes would appear to be distinct from the level of metabolic control. This modified version generally exceeds the standard reliability coefficients and has both face and content validity. It is possible to use this modified version in adolescents of all ages as the items have been found to have no developmental trends, which could confound the quality of life scores. This allows for comparisons to be made between adolescents of different ages on a number of factors. In sum, it is anticipated that this shortened scale (designated the short-form DQOLY [DQOLY-SF]) will enhance the acceptability of assessing quality of life in adolescents with diabetes, making it more feasible to introduce as part of routine care.
